Dyslexia is a neurobiological learning disability, reflected through deficits in written (i.e. reading) but not in spoken language. Since written and spoken language rely on cognitive control abilities, we aimed to compare functional connectivity of the understudied salience network which is related to cognitive control in children with dyslexia vs. typical readers during a functional MRI narrative comprehension task.
Introduction
Narrative comprehension is an ability we engage in every day, starting from early on in development, when we listen and comprehend oral stimuli [1] . A theoretical model that explains the overlapping of narrative comprehension and reading is the simple view of reading model [2] . This model proposes two main mechanisms for successful reading: word recognition and comprehension. This model is backed with neural evidence that narrative comprehension and reading have overlapping neural circuits, even though narrative comprehension develops earlier in life [3] . Executive functions (EFs), such as working memory and attention, are utilized during narrative comprehension [4] and reading [5] . This parallels with the neural circuitry in frontal areas (e.g., activation in BA 40) shared in both reading and narrative comprehension tasks [3, 6] . Therefore, a question arises as to the involvement of neural circuits related to EF during narrative comprehension in children with dyslexia.
Dyslexia is a neurobiological learning disability, defined by word recognition difficulty and poor spelling abilities despite normal intelligence and adequate education and exposure to written material [7] that affects 5-17% of the population [8] . Reading deficits primarily categorize the disorder; however, EF deficits [9] are also observed in children with dyslexia. Children with dyslexia also perform worse on narrative comprehension tasks, with activation in neural circuits related to EF such as in the right superior frontal gyrus and the left middle frontal gyrus in the reading-impaired group, suggesting a role of EF in narrative comprehension as well as in reading [10] . Part of this difficulty is manifested in a deficient error monitoring system, seen as part of cognitive control as it involves behavioral switching and adaptation [11] .
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Several challenges previously reported in individuals with dyslexia are related to the role of the salience network. One example is error monitoring, correlated to the salience network, composed of the dorsal anterior cingulate cortex and bilateral insula [11] .
Errors result in activation of the salience network [11] . Similar studies on individuals with dyslexia have explored the error-related negativity response (in the anterior cingulate cortex) with electroencephalogram event-related potential methods (EEG-ERP). The error-related negativity (ERN) response, present after an erroneous response, has been found to have less amplitude in individuals with dyslexia [12] . Several studies related the connectivity of this network to the ability to switch attention from basic to higherorder functioning [13] , an ability which children with dyslexia have difficulties in, as was found in the Wisconsin task [14] . Further, decreased functional connectivity of the cingulo-opercular network, which the anterior cingulate is also a component of, has been found in children with dyslexia and correlated with decreased reading ability [15] [16] [17] . Despite this evidence, the role of the salience network has yet to be explored in individuals with dyslexia, which is the topic of the current study.
As the salience network has yet to be examined in dyslexia, exploring connectivity differences in these areas during a narrative comprehension task (arising prior to reading) is crucial to fill a gap in the current literature on dyslexia. Such results will allow us to explore the neural correlates behind switching dysfunction in individuals with dyslexia, leading to better intervention and screening techniques.
The aim of the current study was to explore functional connectivity of components related to error monitoring and switching in children with dyslexia during a stories A C C E P T E D M A N U S C R I P T 5 listening task using an independent components (ICs) analysis. We hypothesized a positive correlation between functional connectivity of the salience network with behavioral scores (i.e., reading and EF) based on studies finding an association between decreased functional connectivity of the cingulo-opercular network and lower reading ability. As less amplitude has been seen using the ERN response in individuals with dyslexia, we hypothesized that decreased functional connectivity could be present in dyslexia due to dysfunction in error detection.
Methods

Participants
Children with dyslexia (N = 31; mean age = 10.03 years, SD = 1.33 years; 10 females, The study was reviewed and approved by the Cincinnati Children's Hospital Institutional Review Board.
Behavioral Measures
Executive functioning measures. Executive functioning was assessed using the Behavior Rating Inventory of Executive Function (BRIEF) [18] , with the subtests focusing on inhibition, shifting, emotion regulation, behavior regulation, initiative,
working memory, planning and organizing, organization of materials, monitoring, metacognition, and an overall global executive composite. The Wechsler Intelligence Scale for Children (WISC) was also used to assess cognitive ability (specifically the Digit Span Backward subtest) [19] .
Reading measures. Reading abilities were assessed via the Comprehensive Test of Phonological Processing (CTOPP) (specifically the Elision subtest of phoneme manipulation, number naming, and letter naming) [20] and the Test of Word Reading Efficiency (TOWRE) (specifically the sight word efficiency [SWE] and the phonetic decoding efficiency [PDE] subtests) [21] .
Neuroimaging data
Narrative-comprehension task. Five stories were presented for a task period of 30seconds, with a random noise presented at 200-400 Hz between each story to control for sub-lexical auditory processing. There were 5 blocks per condition (an overall of 10 blocks) [4] . The stories were between nine to eleven sentences, differing syntax. An example of one of the stories is as follows: "A frog lived under a flower in the garden.
One day, a little boy picked the pretty flower.
So the frog, who missed his flower, went inside.
"Where could my flower be?" thought the puzzled frog.
A cat sat in the chair above the frog.
The cat blinked his eyes and wiggled his ears.
The frog was scared and hopped in a cup.
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The boy saw the frog hiding inside the cup.
He took it outside for the frog's new home" [4] .
Participants were instructed before the task to attend to the stories and informed that questions will follow the task pertaining to the stories. After all stories were presented, participants were asked to answer ten multiple-choice questions based on the five stories, two questions per story. An example of one of the post-scan questions is:
"Where did the frog live? MRI acquisition and data preparation. Participants were desensitized prior to the MRI scan, through exploration of the environment with positive reinforcement and practicing sitting on the scanner bed "as still as a statue" [22] . Motion was controlled for by using elastic straps on either side of the head-coil apparatus, with an additional headband strap across the forehead. After the child was comfortable, a movie began via an MRIcompatible audiovisual system and scanning began. Communication between the child and study coordinator was established through headphones equipped with a built-in microphone. All children were awake during the entire scan. http://www.fil.ion.ucl.ac.uk/spm/). To assess movement in the scanner, as it is a confounding factor especially in pediatric populations, an average of the framewise displacement was calculated, with a total average of 0.30mm amongst all participants.
An independent t-test confirmed no difference in framewise displacement between typical readers (M = 0.31, SD = 0.28) and children with dyslexia (M = 0.39, SD = 0.30) (t(64) = -1.11, p = 0.3). Following pre-processing, the functional data were fed into the In order to find differences between children with dyslexia and typical readers, in executive functioning and reading measures, independent two-sample t-tests were performed on the behavioral data comparing the two groups.
Statistical analysis for the neuroimaging data
Independent two-sample t-tests were performed on the connectivity values of the salience network between groups.
Correlation between neuroimaging and behavioral data
To find the relations between functional connectivity of the salience network and reading and EF ability, Pearson's correlations were performed between the functional connectivity values of the salience network and the behavioral measures for reading and EFs.
Results
Behavioral Measures
Independent t-test analyses suggested that individuals with dyslexia show higher scores for BRIEF sub-tests (i.e., lower EF abilities), as well as worse performance on working memory (digit span) and phonological (Elision, phonetic decoding, sight word efficiency) tasks. Lower scores on all reading measures were also observed. See Table 1 for these results --Insert Table 1 about here--
Neuroimaging data
Narrative comprehension ability
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11 Independent t-test analyses were performed on the percent correct responses of a posttest questionnaire on the comprehension of the story presented during the MRI scan.
No significant difference was found (t(64) = 0.32, p = 0.75).
Functional connectivity for the salience network
An independent t-test suggests that both children with dyslexia and typical readers 
Correlation between neuroimaging and behavioral data
A Pearson correlation revealed a significant negative correlation between the functional connectivity of the salience network and working memory abilities in dyslexics (i.e. digit span backward of the WISC) (r = -0.43, p = 0.02), signifying increased functional connectivity in the salience network correlates with decreased working memory ability (see Figure 4 ).
Discussion
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The aim of the current study was to explore the involvement of the salience network in narrative comprehension in children with dyslexia by exploring the functional connectivity of the salience network during a narrative comprehension task compared to typical readers. To our hypotheses, we found decreased functional connectivity in the salience network during the narrative comprehension task and decreased EF and reading abilities via the behavioral measures in children with dyslexia. A negative correlation was found between the functional connectivity of the salience network and working memory.
Salience network in narrative comprehension
The salience network, comprised of the anterior cingulate cortex and the insula, is involved in narrative comprehension abilities [13, 24] . The insula also has a role in attentional capture and in facilitating working memory abilities [25] , supporting the correlation found in the current study between the salience network and working memory abilities. Both attention and working memory are crucial to stay attended to the narrative and to recall previous memories in the narratives for accurate comprehension [26] . The other portion of the salience network, the anterior cingulate cortex, supports narrative comprehension [26, 27] , attentional control and switching [28] . In healthy adults, the right anterior cingulate is active during stories involving mental inference [29] . Brain network dynamics implicate the salience network [25] . Specifically, the right insula acts as an "on" and "off" switch between central executive and default mode networks [25] . A stable switching mechanism of the external (i.e., central executive) and internal (i.e., default mode) networks could be crucial for successful narrative comprehension. This ability is especially important for childhood development as the
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Salience network in narrative comprehension in children with dyslexia
Our current findings suggest that the salience network shows decreased within network functional connectivity in children with dyslexia during narrative comprehension. This finding is consistent with previous research on the level of activation and functional connectivity in key-regions within the salience network, through decreased ERN amplitude during errors made in a reading [31] [32] [33] [34] and non-reading [14] tasks in children with dyslexia compared to controls on a portion of the salience network using EEG [12] .
Moreover, decreased functional connectivity within the cingulo-opercular network was observed in children with dyslexia and was related to decreased reading ability in this population [15] [16] [17] . As the anterior cingulate cortex is a key region in both the generation of the ERN and within the cingulo-opercular network, as well as the salience network, the findings of the current study may extend these previous findings to the salience network in children with dyslexia.
The functional connectivity of the salience network was also negatively correlated with skills in working memory, which can contribute to impaired switching found in children with dyslexia [14, 35] . Individuals with dyslexia may have a neural switching problem between networks, which may explain the switching disability on a neurological level.
The left insula [36] and the anterior cingulate [37] are under activated in dyslexia, strengthening our results of overall dysfunction in the salience network in dyslexia. 
These findings show a clear role of dysfunction in a region implicated in successful
Limitations
However, the current study had the following limitation. Even though the IC analysis was more data-driven than other approaches, the "extra" areas not involved in the salience network that we selected during the analysis could have acted as confounders.
To check for this, the study used the networks implemented in the CONN toolbox [23] for an ICA-match-to-template to ensure that the IC selected represented the defined salience network. Future studies should explore parcellation approaches that include many sub-components of the salience network for a more detailed analysis [38] .
Future directions
The findings from this first study of the salience network in children with dyslexia emphasize the dysfunction of the salience network in these children. 
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